Abstract In order to examine the relationship between the black hole mass M BH and stellar velocity dispersion σ * in radio-loud active galactic nuclei (AGNs), we study two effects which may cause the uncertainty of black hole mass estimates for radio-loud AGNs: the relativistic beaming effect on the observed optical continuum radiation and the orientation effect on broad emission line width. After correcting these two effects in black hole mass calculations, we re-examine the M BH − σ [OIII] relation for a sample of radio-loud and radio-quiet AGNs compiled from the literatures, and find the M BH − σ [OIII] relation in radio-loud AGNs still deviate from that in nearby normal galaxies and radio-quiet AGNs. We also find there is no significant correlation between radio jet power and narrow [OIII] line width, indicating no strong interaction between radio jet and narrow line region. The deviation from M BH − σ * relation in radio-loud AGNs may be intrinsic, or the [OIII] line width is not a good indicator of σ * for radio-loud AGNs.
the mass of the center black hole (the M BH − σ * relation). Gebhardt et al (2000a) and Ferrarese & Merritt (2000) found that the correlation between M BH and σ * is strong, suggesting a link between the formation of the bulge and the black hole. After investigating 31 nearby inactive galaxies, Tremaine et al. (2002) presented a relation as:
8.13 (σ * /(200kms −1 )) 4.02 M ⊙ .
However, the bulge stellar velocity dispersion σ * in the QSO is generally difficult to measure directly. Nelson & Whittle (1995; made a comparison of bulge magnitudes,
[OIII] line widths, and σ * in Seyfert galaxies, and found a good agreement between σ * and σ [OIII] (σ [OIII] = F W HM ([OIII])/2.35) in statistical sense. The above relationship for normal galaxies also holds for active galaxies (Gebhardt et al. 2000b; Ferrarese et al. 2001; Wang & Lu 2001; Boroson 2003; Shields et al. 2003) . The M BH − σ [OIII] relation for all their radio-quiet sample follow that derived from nearby normal galaxies. It provides us a method to calculate the mass of black holes differ from that in Kaspi et al. (2000) , which derived from active galactic nucleus broad emission line width and continuum luminosity.
However, Bian & Zhao (2004) presented a distinct result that the relationship between the mass of black hole and velocity dispersion in narrow line Seyfert1s and radio-loud AGNs deviates from the relationship which in radio-quiet AGNs and nearby normal galaxies. They suggested that the deviation in radio-loud AGNs from the M BH − σ * relation might be due to the measurements uncertainties of σ [OIII] or M BH . Bonning et al. (2005) tested the use of [OIII] line widths as a surrogate for σ * by studying the M HOST − σ [OIII] relation in a sample of quasars for which the host galaxies luminosity has been measured. They found an increase of σ [OIII] with σ * in covering a wide range of measured or inferred σ * , though the radio-loud AGNs have σ [OIII] smaller by 0.1 dex than radio-quiet QSOs of similar L HOST . Greene & Ho (2005) compare σ * with the widths of several narrow emission lines in a sample of narrow-line Seyfert galaxies from Sloan Digital Sky Survey (SDSS) and found that σ [OIII] exceeds σ * about 0.13 dex. However, Salviander et al. (2006) found that σ [OIII] agrees with σ [OII] well in their sample of SDSS QSOs. Bian, Yuan & Zhao (2005) investigated the radial velocity difference between the narrow emission-line components of [OIII] in a sample of 150 SDSS NLS1 galaxies, and found that profile of [OIII] indicating two kinematically and physically distinct regions.
The [OIII] line width depends not only on the bulge stellar gravitational potential, but also on the central black hole potential. Moreover, the interaction between the radio jets and the narrow line region (NLR), or radio jets inspire the star formation might also influence the physical and dynamical state of the [OIII] line width and its intensity. Kaspi et al. (2000) derived an empirical relationship between the broad line region (BLR) size and the optical continuum luminosity at 5100Å using the reverberation mapping technique. The empirical relationship has been frequently adopted to estimate the BLR size and then to derive the black hole mass for AGNs samples. However, the relativistic jets of radio-loud AGNs both dominate the radio radiation and contribute significantly to the optical luminosity. The black hole mass in radio-loud AGNs would be overestimated by using the empirical relationship between the BLR size and optical luminosity at 5100Å which is obtained from the sample of radio-quiet AGNs (Kaspi et al. 2000) .
On the other hand, as the jet axes are near to the line of sight for radio-loud AGNs, the geometrical effects might affect the observed widths of the broad Hβ emission line and hence the black hole masses in radio-loud AGNs. These uncertainties in black hole mass calculation might influence the M BH − σ [OIII] relation in radio-loud AGNs. In order to eliminating the beaming effect in optical continuum radiation for radio-loud AGNs, Wu et al. (2004) provided a method to calculate the black hole mass by a tight empirical relationship between the BLR size and the Hβ emission line luminosity. In this paper, we re-compare the M BH − σ [OIII] relation in a sample of radio-loud and radio-quiet AGNs after correcting the uncertainty for black hole mass, and then examine whether the σ [OIII] traces the σ * in radio-loud AGNs. The relationship between the radio jet power and the
[OIII] line width also be investigated. We used a cosmology with H 0 = 70 km s
All values of luminosity used in this paper are corrected to our adopted cosmological parameters.
SAMPLE AND METHOD
We started this work with the sample of Xu et al. (1999) 
give the object's IAU name, radio spectrum type (FS denotes flat-spectrum and SS denotes steep-spectrum radio-loud AGNs, and RQ shows the radio-quiet AGNs respectively) and redshift. In columns (4)-(6), we list the black hole mass, the references for adopted FWHM of broad Hβ emission line, and the references for adopted luminosity of broad line Hβ. In columns (7)- (8), we present the σ [OIII] and its references. A more detailed notation is given at the caption of Table 1 .
Through the reverberation mapping method, Kaspi et al.(2000) presented an experiential relationship between the BLR size and the monochromatic luminosity at 5100Å, and then the mass of the black holes can be estimated by using
However, in radio-loud AGNs, there are two effects would cause the uncertainty of black hole mass estimate. Firstly, the radio observations shown that the orientation of the jets in the radio-loud AGNs, especially in the flat spectrum radio-loud AGNs, are close to the line of sight. The synchrotron emission of the jet are then Doppler boosted, and the contribution of the synchronization emission at the optical band may dominate over the thermal emission from the disk. So the mass of black hole in radio-loud AGNs could be overestimated. The second effect may cause the uncertainty of the black hole mass estimate is: if the geometry of the BLR is disk-like, the broad line width will depend on the orientation of the disk. The broad line widths of the radio-loud AGNs will be smaller than those in radio-quiet AGNs, even if they have similar black hole masses and BLR sizes (see Cao 2000; Xu & Cao 2006 for BL Lac objects). Wu et al. (2004) gave the relationship between the broad emission line Hβ luminosity and size of broad line region which is derived from reverberation mapping method. Then the optical luminosity eliminated beaming effect can be calculated by using the broad line emission luminosity.
As for the orientational effect for emission line width, Lacy et al. (2001) put forward using R 0.1 c (R c is the ratio of the core to the extended radio luminosity in the rest frame of the sources) factor to modify this effect, i.e for all radio-loud AGNs. However, this modification is invalid for the sources with 0 < R c < 1 and we only correct this orientation effect for the sources with R c > 1. After these two corrections, we then calculated the mass of black hole in our sample and these compared the M BH − σ [OIII] relation in radio-loud and radio-quiet AGNs. The results are plotted in Fig. 1 .
RESULTS AND DISCUSSION
In Fig. 1 The beaming and orientation effects cause the black hole mass to move towards different opposite positions. On the one hand, similar as radio luminosity, the optical luminosity of radio-loud quasars can also be contaminated by the relativistically beamed jet emission. In fact, the optical emission of radio-loud quasars is a mixture of thermal and non-thermal emission, and tends to be orientated with their jets beamed along our line of sight, although not explicitly applicable on a source-by-source basis. Thus the black hole mass in radio-loud AGNs would be reduced after correcting the beaming effect for radio jet ( Fig. 1(a) and Fig. 1(b) ). On the other hand, if the geometry of the broad line region is disk-like, the object has smallest line width when the jet axis is along with the line of sight. After correcting for orientation effect, the black hole mass will be increased.
Figure 1(c) shows that the radio-quiet and radio-loud AGNs occupy two distinct re-
As the same results of other authors, the radio-quiet AGNs follow that relationship for our sample, but the radio-loud AGNs still deviate the M BH −σ * relation of nearby normal galaxies, although the beaming effect and orientation effect in black hole mass calculation are eliminated. The black hole mass of radio-loud AGNs plotted in Fig. 1(c) are calculated by the width of Hβ line and the luminosity of Hβ which has been described in section 2. The beaming and orientation effect are two factors which will cause uncertainties of black hole mass. In order to eliminate the contamination by the emission from radio jets, continuum luminosity at 5100Å was substituted by the broad line emission. However, the radio-loud AGNs remain the M BH − σ * relation deviation after removing orientation factor. But we must keep in mind that the relationship between the broad line region radii R BLR and broad emission line luminosity L Hβ which we used to calculate the black hole mass in our sample was derived from a sample for radio-quiet AGNs (Kaspi et al. 2000) . Until now, the R BLR − L 5100Å relation established from reverberation mapping method on radio-loud AGNs is still unavailable.
Thus we are not clear whether the relationship between the R BLR and L
5100Å
or L Hβ for radio-loud AGNs is systematically different from that of radio-quiet AGNs. However, if this difference in radio-loud AGNs does exist, that means the R BLR in radio-loud AGNs will one order of magnitude lower than that one in radio-quiet AGNs for the similar optical/line luminosity since the broad line width FWHM Hβ is similar for radio-loud and radio-quiet AGNs. However, the evidence for this kind of difference is not found so far, thus we think the uncertainties in black hole mass calculation might not be the main reason which leads this deviation in radio-loud AGNs.
Assuming radio-loud AGNs to follow the same M BH − σ * relation defined by nearby normal galaxies and radio-quiet AGNs, we can derive the line widths among that objects with powerful radio jets at kpc scale.
The radio jet power, as a fundamental radio parameter indicating the energy transported through the radio jet from the central engine, can be used to investigate the relationship between the radio jet and the narrow line regions. We used the formula derived from Punsly (2005): Using the Spearman rank correlation analysis, we find a significant correlation between radio jet power and [OIII] line width with a correlation coefficient of r = 0.32 at ≫ 99
per cent confidence. It should be noted with caution that this correlation may be caused by the common dependence of black hole mass. It may not be an intrinsic correlation, thus we check the correlation between the ∆[OIII] line width and radio jet power. Figure   5 shows the relationship between ∆[OIII] and radio jet power in our sample. However, no significant correlation is present between ∆[OIII] line width and radio jet power. It may support the scenario that there is no strong interaction between radio jet and narrow line region. Moreover, it should be cautious if there exists the interaction between the radio jet and narrow line region, this effect may broaden the narrow line width, and the ′ true ′ [OIII] width will be narrower than that observed, which leads to enlarge the offset in M BH − σ [OIII] for radio-loud AGNs. Greene & Ho (2005) found the presence of core radio emission seems to have no impact on the observed [OIII] line width, and we derive same result by using radio jet power. However, they found the extended radio sources appear to have narrower line width, as well as in our sample. In spite of the offset in the (2000) studied the black hole mass in Palomar-Green quasar sample, and pointed out nearly all PG quasars with M BH > 10 9 M ⊙ are radio-loud, while quasars with M BH < 3 × 10 8 M ⊙ are practically all radio-quiet. Therefore there is no this possibility that we have missing so much this kind of radio-loud AGNs with low black hole mass and large narrow line [OIII] width during our sample collecting, so we think the deviation may not mainly be caused by selection effects in our sample. And we need a complete matching sample including radio-loud and radio-quiet AGNs to get further study for the influence of selection effects. 
CONCLUSION
By estimating the black hole mass eliminating the beaming effects, we have reinvestigated the relationship between black hole mass and narrow [OIII] line width for a sample of 60 radio-loud and 63 radio-quiet AGNs compiled from literature. Moreover, in order to know the influence from the radio emission to the narrow line region, the relationship between radio jet power and the narrow [OIII] width was also investigated.
The main conclusions can be summarized as follows:
-After eliminating beaming effects in optical luminosity and correcting the orientation effect in broad line width, the M BH − σ [OIII] relation in radio-loud AGNs still deviates from M BH − σ * relation in nearby normal galaxies. However, it is confirmed again that the radio-quiet AGNs follow the M BH − σ * relation in nearby normal galaxies.
-We find there is no significant correlation between the radio jet power and the narrow
[OIII] line width, which indicating that the interaction between radio jet and narrow line region is not obvious. The deviation from M BH − σ * in radio-loud AGNs cannot be explained by interaction in radio jet and narrow line region.
-The M BH − σ [OIII] in radio-loud AGNs deviated from that relationship in nearby normal galaxies might not be caused by the uncertainty from black hole mass calculation, indicating that the narrow [OIII] line width might not be a good substitute for the stellar velocity dispersion. Another possible explanation is the radio-loud AGNs might not follow the same M BH − σ * relation as normal galaxies and radio-quiet AGNs, and further investigation are needed. 
